Non-enzymatic action of RRM1 protein upregulates PTEN leading to inhibition of colorectal cancer metastasis.
Ribonucleotide reductase large subunit M1 (RRM1) forms a holoenzyme with small subunits to provide deoxyribonucleotides for DNA synthesis and cell proliferation. Here, we reported a non-RR role of the catalytic subunit protein RRM1 and related pathway in inhibiting colorectal cancer (CRC) metastasis. Ectopic overexpression of the wild-type RRM1, and importantly, its Y738F mutant that lacks RR enzymatic activity, prevented the migration and invasion of CRC cells by promoting phosphatase and tensin homolog on chromosome 10 (PTEN) transactivation. Furthermore, overexpression of the wild-type and RR-inactive mutant RRM1 similarly reduced the phosphorylation of Akt and increased the E-cadherin expression in CRC cells, which were blocked by PTEN knockdown attenuation. Examination of clinical CRC specimens demonstrated that both RRM1 protein expression and RR activity were elevated in most cancer tissues compared to the paired normal tissues. However, while RR activity did not change significantly in different cancer stages, the RRM1 protein level was significantly increased at stages T1-3 but decreased at stage T4, in parallel with the PTEN expression level and negatively correlated with invasion and liver metastasis. Thus, we propose that RRM1 protein can inhibit CRC invasion and metastasis at the advanced stage by regulating PTEN transactivation and its downstream pathways in addition to forming an RR holoenzyme for supporting cancer proliferation. Understanding of the seemingly contrary dual roles of RRM1 protein may further help to explain the complex mechanisms by which this key enzyme and its components are involved in cancer development.